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和脂肪酸，已经被证实具有免疫抑制的作用。本课题旨在研究 Cpd K 发挥免疫





况研究 Cpd K 对胰岛细胞是否有毒性作用；其次，我们建立小鼠同种异体胰岛
移植模型，研究 Cpd K 单用或与 Rapa 联合使用对胰岛生存期的影响；最后，通
过对 T 淋巴细胞亚群、Th1/Th2 相关炎症因子、供者特异性抗原引起的免疫应答
能力、移植物病理切片等进行研究，试图阐明 Cpd K 抑制 T 细胞免疫应答和诱
导胰岛移植耐受的机制以及作为免疫抑制药物的可行性。 
结 果 ： 在 体 外 实 验 中 ， 首 先 我 们 通 过 淋 巴 细 胞 转 化 实 验 证 实
60μg/ml~200μg/ml 的 Cpd K 可以显著抑制 T 细胞的增殖，并且具有剂量依赖性，
100μg/ml 的 Cpd K 达到最佳的抑制效果；并且在淋巴细胞转化实验体系中加入
















可能是诱导 T 细胞无能；其次，T 细胞凋亡实验表明 Cpd K 并不能诱导 T 细胞
发生凋亡；再次，我们研究了 Cpd K 对 T 细胞激活信号通路的影响，并结合生
物信息学对Cpd K作用靶点的筛选结果，证实它可以抑制转录因子NF-κB和AKT
激酶的活性，而这两者都受到同一个激酶—PI3K 的调控，因此我们推测 Cpd K
可能作用于 PI3K 这个激酶上。在体内实验中，Cpd K 联合半剂量 Rapa 可以抑制
免疫排斥反应，并显著延长胰岛移植物的生存期，达到甚至超过全剂量 Rapa 的
效果（有 15%的受体鼠移植生存期>100 天甚至达到耐受）；我们通过对受体移植
物、血清以及脾脏和淋巴结中 T 细胞亚群的检测发现，Cpd K 联合半剂量 Rapa
可以显著降低受体鼠 CD4+、CD8+ T 细胞的比例以及血清中 Th1/Th2 型细胞因子
的浓度，同时移植物中炎症细胞的浸润数量也相应减少，而且可以诱导调节性 T
细胞的产生。  
结论：通过本课题的研究，我们首次证实了 Cpd K 在同种异体胰岛移植模
型中可以通过诱导 T 细胞克隆无能并抑制 T 细胞的激活抑制了供体反应性 T 细
胞介导的免疫排斥反应；Cpd K 与半剂量 Rapa 联合应用可以诱导调节性 T 细胞
的产生，促进胰岛移植物长期存活并耐受；此外，Cpd K 对胰岛的破坏作用较小，
极有可能成为临床胰岛移植良好的免疫抑制剂。本研究作为临床前的基础研究，
为 Cpd K 将来应用于临床提供了重要的理论依据。 

















Objective: Diabetes and its complications are becoming more damaging to 
human health, create heavy financial and emotional burden to patients and society. 
China has become the the second largest country all over the world in terms of the 
number of diabetics,  and the most promising way to cure the diabetes is islet 
transplantation, while the problem of immune rejection after transplantation and 
donor shortage have become a stumbling block to the further development of islet 
transplantation in clinical. Immune rejection after transplantation has shorten the 
survival of islet grafts and makes patients require re-transplantation so that the present 
situation of the donor shortage is aggravated. In addition, patients need to take too 
many expensive immunosuppressants, but these immunosuppressants are also present 
to a strong toxic side effects, such as FK-506 has a strong nephrotoxicity and Rapa as 
islet toxicity, which not only to the patients brought a heavy burden, but also affected 
the islet grafts survival and quality of life of transplant patients. At present, the 
development of traditional Chinese medicine immunosuppressants has made great 
progress, triptolide and FTY-720 have been proved to possess excellent 
immunosuppressive effects. Cpd K is a kind of higher unsaturated fatty acids 
synthesized from“Banlangen-acid” which was extracted from the traditional Chinese 
medicine- Isatis tinctoria L., have been shown to have immunosuppressive property. 
The purpose of this project is to study how to play immunosuppressive effects of Cpd 
K, and the mice allogeneic islet transplantation model was employed to study the 
immunosuppressive effects of Cpd K in vivo. The ultimate purpose of this study is to 
obtain an immunosuppressive better, less side effects, lower cost of 
immunosuppressive agents used in clinical islet transplantation. 
Methods：First, we researched the inhibitory effect and mechanism of Cpd K on 
T cell prliferation with lymphocyte transformation experiments and apoptosis 
















cells apoptosis and insulin secretion; Second, mice allogeneic islet transplantation 
model was established to research the effect after treatment with Cpd K alone or Cpd 
K in combination with sub-therapeutic dose of Rapa (sub Rapa) on islet grafts 
survival time. At last, through the ways such as the T-lymphocyte subsets, Th1/Th2 
inflammatory factors, donor-specific antigen-induced immune response and graft 
pathological experiments, we try to clarify the mechanism of the inhibition of T cell 
immune response and induction of islet transplantation tolerance Cpd K as well as its 
feasibility of immunosuppressive drugs. 
Results: In vitro, we found that 60μg/ml~100μg/ml Cpd K could significantly 
inhibit the proliferation of T cells proliferation in a dose-dependent manner, and 
100ug/ml Cpd K colud achieve the best inhibitory effect. And adding exogenous IL-2 
into lymphocytes transforming experimental system, it could reverse the inhibition of 
Cpd K. It showed that Cpd K could induce T cells anergy. While apoptosis experients 
in vitro showed Cpd K did not induce T cell apoptosis; Then we studied the impact of 
Cpd K on the signaling pathway of T cell activation, combined with the 
bioinformatics screening results of the Cpd K action targets we confirmed that it 
could inhibit the transcription factor NF-κB and Akt kinase activity, both of which are 
regulated by a kinase-PI3K. Thus we speculated that the Cpd K might act on the PI3K 
kinase directly. In vivo experiments, the Cpd K in combination with sub-therapeutic 
dose of Rapa (sub Rapa) could suppress the immune rejection and significantly 
prolonged the survival time of islet grafts, even more than the effect of the full dose 
Rapa (There were 15% of the recipient mice that graft survival time > 100d even 
reach tolerance); From the experiments of detection of receptor graft, serum, spleen 
and lymph node T cells subsets, we found that the Cpd K in combination with sub 




 T cells, 
concentrations of Th1 / Th2 cytokines in serum and populations of  inflammatory 
cells in graft, and induce the generation of regulatory T cells.  
Conclusion: Through the research of this subject, as the first time, we confirmed 
















inducing T cell anergy and inhibiting the activation of T cells in the allogenetic islet 
transplantation model; Cpd K in combination with sub Rapa could induce the 
generation of regulatory T cells and promote long-term islet graft survival and 
tolerance. With a little destructive to the islets, Cpd K may become a 
immunosuppressive agent used in clinical islet transplantation. Our study, as 
preclinical basic research, provides an important theoretical basis for Cpd K future 
clinical application. 

































1.1.2  糖尿病并发症 
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彻底治愈 1 型糖尿病。 
胰岛移植具有很长的历史。在 Banting 和 Best 发现胰岛素之前，人们就已经
认识到，胰腺的提取物可以缓解糖尿病。第一例原始的胰岛移植发生在 1894 年
[8]，英国医生 WatsonWiiliams 和 Harsantin Bristol 把部分羊胰腺移植到一个患糖
尿病酮症酸中毒的 15 岁男孩的皮下，移植物很快就被未接受任何免疫治疗的受
体所排斥。第一例全胰腺移植是在 1966 年，由 Kelly 和 Lillehei 开展，但是效果
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